THE RELATIONSHIP of air pollution to disease is complex. The topic provokes emotional attitudes in many and is of political and economic importance. Much confusion exists regarding the nature of pollution and its real or suspected effects on man and this essay is written in order to try to lessen the confusion rather than to provide a formal review of the subject.
For many centuries British urban air has been contaminated by the products of combustion of coal; industrial processes have added their contribution and in this country we have seen the addition of pollution from the burning of petroleum. Ideally, carbon-containing fuels should yield only carbon dioxide and water when burned but usually many other compounds are emitted. These may be produced as a result of incomplete combustion, distillation of volatile matter, combustion of impurities in the fuel or fixation of atmospheric nitrogen. If some chemically simple fuel such as natural gas is burned in an inadequate supply of air smoke consisting of fairly pure carbon (lamp black) and carbon monoxide would be produced in addition to the carbon dioxide and water. One would also expect to find traces of polycyclic aromatic hydrocarbons formed by pyrolysis. If the gas contained sulphur compounds, sulphur dioxide would be emitted in company with smaller amounts of sulphur trioxide if the temperature of combustion were high enough. If the gas, or indeed any fuel, were burned at high temperature and under pressure significant fixation of atmospheric nitrogen would occur and oxides of nitrogen would be emitted. The production of oxides of nitrogen is greater when temperature and pressure are high and the reaction products are removed rapidly from the zone of combustion. High compression ratio internal combustion engines produce oxides of nitrogen in this manner.
The combustion of coal is more complicated; when coal is burned in Industry could not tolerate anything like the inefficiency so widely accepted in domestic heating and the pollution produced by industrial coalburning plants differs accordingly; a boilerman tries to achieve as near complete combustion as possible and the concentrations of carbon dioxide, oxygen and carbon monoxide in fuel gases are carefully monitored with this object; the emission of black smoke is indicative of gross failure to achieve economic combustion and the production of tarry volatile matter such as that emitted by the domestic distillation of coal is virtually impossible in any but the smallest furnaces. In general it can be said that oil is more easily burnt without smoke production since it can be dispersed in fine droplets or as a vapour so that combustion may be more efficient.
There is a further distinction between domestic and industrial pollution which is highly relevant to the study of its clinical effects; pollution from domestic sources is emitted at low level whilst industrial stacks are usually high enough to avoid gross contamination of the air at ground level.
Figures frequently quoted relating to gross emissions of various pollutants may therefore be wholly irrelevant to the study of their effects for it is the concentration at ground level which is important.
Ground level concentrations are of course influenced by the amount of pollutant emitted as well as the height of the source but an even more important factor is the weather. Normally pollutants are dispersed into the upper air by the buoyancy of the plume and by the upward movement of warm air from the ground; they are also greatly diluted by wind. Episodes of extraordinarily high air pollution occur during the temperature inversions which accompany winter anticyclones. Then emitted near the ground accumulate but some plumes, although originating below the inversion level, may, by virtue of their velocity and buoyancy, pierce the ceiling and be dispersed by the winds aloft. Fog frequently accompanies these temperature inversions and the water droplets of which it is composed impair the dispersion processes and in addition favour the oxidation of sulphur dioxide to sulphuric acid. Air pollution is measured widely in this country, generally over periods of 24 hours, in terms of smoke (determined from the stain on a filter paper) and sulphur dioxide. These measurements are valuable for epidemiological research but more detailed investigations are necessary for experimental work.
Particulate matter in the air has been the subject of intensive study by means of optical and electron microscopy ( Fig. 1) . Average and maximum concentrations of various common pollutants are given in Table 1 .
Pollution may produce, or may be suspected of producing, several effects on man. Episodes of especially high pollution are accompanied by sharp increases in mortality and morbidity. The deaths and illness occur among the feeble members of the community -the very young and old, and those suffering from cardio-vascular or respiratory disease. These episodes are often mentioned by patients as marking, or causing, the onset of their chronic bronchitis; repeated exposure to high pollution or chronic exposure to "chronic" pollution has been blamed, with fair reason, for causing chronic bronchitis and lung cancer. These effects or suspected effects will be considered critically.
Undoubtedly the clearest connection between air pollution and disease is seen during the episodes of intense pollution. Distress among patients with chronic bronchitis is common (though not all are affected) and is usually manifest by cough, wheezing and increased dyspnoea. The effects would seem to be due to increase in airway resistance in response to irritation. An immense amount of work has been done in many centres in an effort to identify the irritant component. Much attention has been We have thought it possible that sulphuric acid might be the irritant but that in laboratory experiments which failed to produce increase in airway resistance the failure might have been due to the rapid dilution of the acid droplets on entering the warm humid respiratory tract. Experiments which "protected" acid, in which porous particles of charcoal have been inhaled after having been refluxed with sulphuric acid, have so far failed to give positive results; they are continuing. Another set of experiments in progress in the M.R.C. Unit is casting further doubt on the importance of sulphur dioxide alone. Airway resistance measurements (made in the whole body plethysmograph) are made daily on two subjects immediately on arrival at the laboratory after a walk of nearly two miles through the City.
A correlation is demonstrable between pollution in terms of smoke or sulphur dioxide in one subject who is unaffected by experimental inhalations of 30 ppm SO2, whereas there is no relationship between pollution and airway resistance in a colleague who is sensitive to sulphur dioxide in concentrations greater than 5 ppm. These experiments are in their early stages but a pattern is emerging from these results and the results of hundreds of experimental inhalations which indicate that the principle irritant is far from simple in chemical or physical nature. There is, of course, an urgent need to identify the irritant so that its emission may be prohibited or diminished. The Clean Air Act (1956) prohibits the emission of smoke in specified areas but it is powerless to deal with sulphur dioxide (so far no remotely economic means have been found to remove this pollutant at source) and it is of obvious importance to determine whether or not the improvements in the quality of air as a result of the implementation of the Act will be sufficient to diminish the likelihood of a repetition of the 1952 London "smog." Techniques other than those used in the laboratory are being employed and these exploit the fact that the concentration of smoke is diminishing whilst the sulphur dioxide content remains virtually unchanged. For several years the relationship between pollution (measured in terms of smoke and sulphur dioxide concentrations) and mortality from chest and heart diseases, and morbidity (measured in terms of requests to the Emergency Bed Service for admission to hospital for respiratory or cardiac causes) have been studied. In addition, a further group of specially selected patients have been taking part in a series of winter experiments. In these experiments groups of volunteer chronic bronchitic patients from Chest Clinics in London have been recording daily their own assessment of their condition as "better," "same") or "worse" than the day before the diary entry. These results have been plotted against daily measurements of smoke, sulphur dioxide, visibility, temperature and humidity. The early "diary" experiments showed a remarkably close correlation between smoke and sulphur dioxide and the well-being of the group of patients (Lawther (1958) greater awareness of the existence of the disease as a pathological entity. There was until the 1940's much speculation regarding the validity of the observed increase but for many years it has been apparent that the increase in the prevalence of the disease is all too real. The increase has been mainly in tumours of the squamous and oat cell types, many authorities believing that the frequency of adenocarcinomata has remained relatively unchanged. Throughout the period during which lung cancer has increased pollution by coal smoke has decreased steadily.
If polycyclic aromatic hydrocarbons were responsible for lung cancer in man one might expect to find great excesses of the disease among those who by virtue of their occupation have inhaled large quantities of these compounds. As has already been said the distillation and incomplete combustion of coal produces tar rich in polycyclic hydrocarbons and in the past some excess of lung cancer in retorthouse workers in gas works have been reported by several workers. Recently Doll and the Medical Officers of several Regional Gas Boards have studied the mortality from lung cancer of gas workers (1965) whilst the M.R.C. Unit In recent years there has been an outcry against pollution from motor vehicles especially those powered by diesel engines which has been blamed by many for the rise in lung cancer. Polycyclic hydrocarbons have been found in exhaust smoke from both petrol and diesel engines. This finding is hardly surprising since these compounds are commonly found among products of incomplete combustion but this information has been applied uncritically and with singular lack of a sense of responsibility to the problem of lung cancer. No account has been taken of the fact that the quantities of polycyclic hydrocarbons contributed to the air men breathe are extremely small and are indeed insignificant in comparison to the background pollution by coal smoke . Smoke is produced only by maladjusted or over-fuelled diesel engines (a small puff on starting or acceleration is normal) and we have found that even the smoke from dirty overloaded diesel vehicles is one of the poorest sources of polycyclic hydrocarbons.
Some justify their indictment of the diesel by pointing out that the rise in lung cancer has coincided with the increase in the amount of diesel traffic. They ignore the fact that the rise in mortality from lung cancer was already well under way when the diesel engine came into general use in the late 1930s. And again, the coincidence of the later rise in lung cancer with the increase in diesel traffic cannot be construed as a causal relationship since experience with all environmental carcinogens leads one to expect that an exposure of many years is needed before cancer is produced.
From this temporal point of view the petrol vehicle merits more careful consideration since it has been polluting city air for long enough to be suspected of causing the rise in lung cancer. But if this were indeed the case one would expect to see an excess of deaths from lung cancer among people exposed to high concentrations of traffic "fumes." No such excess is seen among garage workers, traffic policemen, or indeed any other workers whose job leads them to be exposed unduly to exhaust products.
All the evidence from many parts of the world points to the appearance at about the turn of the century of a new factor which has been spreading to influence firstly men and latterly women in many parts of the world. Few can doubt, having scrutinised the evidence, that this factor is of the smoking of cigarettes. The report of the Royal College of Physicians on " Smoking and Health" (1962) and the report of the U.S. Surgeon General on the same topic will surely come to be regarded as the most important reports affecting the health of the public to be published for many years.
When due allowance has been made for smoking habits there remains evidence that some urban factor is involved in the genesis of lung cancer. Of course, air pollution needs to be considered as the most likely factor but the urban excess (which is declining) over the rural death rate may yet be shown to be due to some artifact such as better diagnostic facilities in towns. Much work, both experimental and epidemiological, remains to be done.
Although it is obvious from present evidence that cigarette smoking rather than air pollution has been responsible for the observed rise in lung cancer, new pollutants must be scrutinised lest they cause a further wave of disease. Asbestos, a widely used mineral, has recently been shown to be more dangerous than was at once thought and the work of Newhouse and Thompson (1965) , which demonstrated the prevalence of mesothelial tumours among people with minimal occupational or domestic exposure should dispel complacency.
The Clean Air Act of 1956, passed as a result of the alarm felt after the 1952 London "smog", is a good act in that it aims to abolish smoke which can be abolished. Sulphur dioxide remains as a problem for which there is as yet no economic solution. But during the period when we are still dependent on fossil fuels, with their contaminant sulphur, for heat and power it would seem reasonable to try as far as is practicable to .burn the fuels centrally and disperse the effluents from tall stacks so that they are unlikely to contaminate the air at the level at which it can be breathed. This trend is being followed by the power industries. Until abundant nuclear energy or huge supplies of natural gas release us from dependence on conventional fuels it behoves us to see that combustion is as complete as possible and that pollution of the air at ground level is abated, for whatever the complexities of the case against air pollution it can be truly said that it can be lethal, it never did anyone any good and is always disgusting.
